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SYNOPSIS. This paper introduces an event-based traffic model for railway systems adopting fixed-block signalling 
schemes. In this model, the events of trains' arrival at and departure from signalling blocks constitute the states of the 
traffic flow. A state transition is equivalent to the progress of the trains by one signalling block and it is realised by 
referring to past and present states, as well as a number of pre-calculated look-up tables of run-times in the signalling 
block under various signalling conditions. Simulation results are compared with those from a time-based multi-train 
simulator to study the improvement of processing time and accuracy. 
 
1 INTRODUCTION 
 
In railway networks, certain sections of track may be 
shared by the traffic from two or more directions, 
which will be in dispute regarding the right of way if 
considerable deviations from the timetable occur. A 
preliminary study [1] through a simple model shows 
that attainment of a sequence of right-of-way 
assignments which minimises the total delay of the 
trains requires evaluation of the consequences of 
various possible options. Since a decision has to be 
made in a few seconds, a model predicting the 
movement of each train with reasonable accuracy and 
substantial speed, taking account of the interactions 
between trains through the signalling system and power 
system, is essential. 
 
For the purpose of traffic control, the vital information 
is the timing of certain events such as a train entering 
or clearing a junction. A time-based traffic flow model, 
which evaluates the movement of the trains at every 
time step, has a high computational demand and 
provides a significant amount of redundant 
information. On the other hand, an event-based model 
saves much computational effort by updating the trains 
to go from one event to the next without calculating the 
exact details of their movement in between. 
 
Cury et al. [2] first introduced an event-based model 
which follows a train's journey from one terminus to 
another with particular events happening on the way. 
The model was used, together with another for 
passenger movement on platforms, to develop a 
methodology for automatic generation of optimal 
schedules for a metro system. Van Breusegem et al. [3] 
went further to explore the advantages of an event-
based  model  to implement a traffic control algorithm. 
This model enables the traffic flow of a metro system 
to  be  represented  by  a  state-space  model  so  that  a  
 
 
 
 
state-feedback control algorithm to reduce deviations 
from the nominal schedule can be realised. However, 
neither of the above models incorporate the effects of 
the signalling system explicitly. 
 
This paper introduces an event-based traffic model for 
systems with fixed-block signalling schemes. In this 
model, the events of trains' arrival at and departure 
from signalling blocks constitute the states of the traffic 
flow. A state transition is the progress of the trains by 
one signalling block. It is accomplished by referring to 
past and present states, as well as a number of pre-
calculated look-up tables of run-times within the 
signalling block under various signalling conditions. 
Simulation results obtained by this model are compared 
with those from a time-based multi-train simulator to 
study the improvement in accuracy and processing 
time. 
 
2 DEVELOPMENT OF THE EVENT-BASED 
MODEL 
 
2.1 Basic structure 
 
With fixed-block signalling, the progress of a train is 
governed by the position of the train ahead; or to be 
precise, by the events of the signalling blocks ahead 
being cleared accordingly. The prime purpose of this 
model is to systematically update the state and progress 
of the traffic along the track. For a k-aspect fixed-block 
signalling system, define t j
i '  as the departure time of 
train i from signalling block j and let the traffic state at 
stage (sampling instant) n be  
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where N is the number of trains and   
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' '     with rj  the running time of train i from 
block j to block j+1 
 
The advance from state Χn  to next state Χn+1 consists 
of all trains moving forward by one signalling block, 
though very likely in asynchronised manner. This will 
be illustrated by a simple example. 
  
When a 3-aspect signalling system is employed and 3 
trains are travelling along the track, the following states 
represent the trains' progress through a number of 
signalling blocks. 
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To obtain the current state Χ11, it is necessary to 
calculate t8
3, t5
6 and t2
9  from the previous states. To find 
t2
9  (departure time of train 3 from block 2), we must 
know the running time of train 3 from block 1 to 2, 
which requires the signal status in block 2. Figures 1a - 
1d show the relationships between the location of train 
3 and the signal status in block 2. To simplify the 
explanation, it is assumed that the overlap distance is 
zero. For instance, in Figures 1a & 1b, the signals of 
blocks 2 and 3 are reset to 'Red' and 'Yellow' 
respectively as soon as the tail of train 2 has cleared 
block 3. 
 
From Figures 1a - 1d, the timing conditions for the 
signal status in block 2 are: 
 
Red: t t3
6
1
9>  (i.e. if train 3 leaves block 1 before train 2 
departs from block 3, train 3 will face a red signal in 
block 2) 
 
Yellow: t t t4
6
1
9
3
6> >  (i.e. if train 3 departs block 1 
before train 2 departs from block 4 and after it leaves 
block 3, train 3 will face a yellow signal in block 2) 
 
Green: t t1
9
4
6>  (i.e. if train 3 departs block 1 after train 
2 departs block 4, train 3 will face a green signal in 
block 2) 
 
In other words, evaluation of t2
9  in Χ11 requires 
comparisons of t1
9  of Χ10 with t4
6 of Χ10 and t3
6 of Χ9 . 
Similarly, comparisons of t4
6 of Χ10 with t3
7  of Χ10 and 
t6
3 of Χ9  determine the status of the signal in block 5 
for train 2, and hence give t5
6 in Χ11. As there is no 
train ahead of train 1, it should always face a green 
signal. t8
3 can thus be obtained by adding the 
corresponding running time to t7
3 of Χ10. In this model, 
departure times of successive trains from signalling 
blocks separated by the same number of the blocks as 
the number of signalling aspects are in the same state. 
Evaluation of one state only depends upon the previous 
states, as required by the usual definition of state. 
2.2 Arrival and departure times 
 
There is a time lag between the nose of a train reaching 
the end of a signalling block (arrival time) and its tail 
clearing the signalling block (departure time). Thus, 
between its departure times from two consecutive 
blocks, a train experiences signals of both blocks. 
Figure 2 illustrates the two phases of the block-to-
block movement. The train faces green and yellow 
signals respectively before and after passing the block 
joint. As a result of the finite length of trains, the 
evaluation of the next departure time requires two 
running times, one for each phase; and hence it is 
necessary to consider the signals of two blocks ahead, 
instead of one. This inevitably requires extra 
computing overhead. To remedy this drawback, 
another set of states denoting the train arrival times is 
used together with that denoting departure times . 
 
While travelling from one block end to another, a train 
clears the previous block and reaches the end of the 
next block. This means the departure time of the 
previous block and the arrival time of the current block 
can be obtained once the status of signal of the current 
block is known. Therefore, the signal of the block 
which the train occupies is sufficient for the states of 
arrival and departure times to proceed. 
 
For example, when two trains, T1 and T2, are 
approaching a junction, with a 3-aspect signalling 
system in operation, the following states represent the 
arrival and departure instants of the trains over a few 
signalling blocks: 
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Referring to Figures 1a - 1d and discussion in the 
previous section, the conditions of timings for the 
status of the block 2 signal become 
Red: if t tD A3
6
1
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Yellow: if t t tD A D4
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9
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(i.e. comparisons of tA1
9  of Χ A10  with tD3
6  of ΧD9  and 
tD4
6  of ΧD10) 
 
Hence, tA2
9  of Χ A11  and tD1
9  of ΧD10 can be evaluated as 
below once the status of the block 2 signal is known: 
t tA A2
9
1
9= +  running time in block 2 according to the   
current status of the block 2 signal. 
t tD A1
9
1
9= +  running time required for the tail of the train 
to clear the joint between blocks 1 and 2 
according to the current status of the block 
2 signal. 
 
The progress of traffic is thus represented by the 
updates of states Χ A  and ΧD . 
 
2.3 Running times between signalling 
blocks 
 
 As just seen, the running times of trains in the 
signalling blocks are required to calculate the advance 
from one state to another. Hence, running times for 
various signal status for each signalling block have to 
be known. To speed up the computing, they are 
prepared and stored in look-up tables, to be fetched 
easily once the signal status is determined. The running 
times of each block depend upon the status of the 
signals at both ends of the block. Different signal 
aspects imply different speed restrictions on trains due 
to the train ahead or local geography. In Figure 3, when 
a train reaches signal A, it is travelling with a speed v1 
related to signal A. When it enters the block between 
signals A and B, it is under the speed restriction v2  
imposed by signal B. The speed profile of the train 
within the block, which is defined by v1 and v2 , 
determines the running times. Therefore, the look-up 
tables should contain inter-block running times in 
various signalling situations. 
 
As both arrival and departure times for each block are 
required by the traffic flow model, two look-up tables 
are needed. The first contains the running times from 
one end of each block to the other end under all 
possible signalling situations whilst the second consists 
of the times required to clear the previous block under 
all possible signalling situations in each block. They 
are illustrated by Figures 4a & 4b. 
 
To complete the look-up tables, all possible signalling 
situations (combinations of status of signals A and B) 
should be examined. If the aspects of a signalling 
system are arranged in order of increasing restrictions, 
(e.g.1 -- green; 2 -- yellow; 3 -- red), any signals which 
a train faces in two consecutive blocks should not 
differ by more than one. Generally, in a n-aspect 
signalling system, if the signal aspect in the present 
block is i, a train can expect the aspect in the next 
block to be either  i-1, i or i+1 where i=2,....,n-1 
   i or  i+1  where i=1 
There is another table for the most restrictive aspect 
(normally, a speed restriction of 0kph). When a train 
faces this aspect, it is instructed to brake and it may 
stop completely before reaching the signal. It is then 
impossible to measure the arrival and departure times 
as the train will remain stationary for an unknown 
period of time. A look-up table, called the stop-signal 
running-time table, is required to complete the 
necessary timings for the traffic flow model. It consists 
of four items: stop time, clearing time, arrival time and 
departure time. 
 
1. Stop time: time required to stop completely 
2. Clear time: time required to clear the previous 
block, taken either from the instant of entering the 
block or restarting from a complete stop. 
3. Arrival time: time required to reach the end of 
block after restarting from a complete stop. 
4. Departure time: time required to clear the block 
after restarting from a complete stop. 
 
However, to measure the timings for the look-up tables 
by physically running a train through each signalling 
block is inconvenient and impractically expensive. 
Pure calculation requires consideration of geographic 
data of the track, detailed characteristics and 
parameters of power system and traction equipment. 
The complicated modelling to obtain high accuracy 
eventually leads to computer simulation. As a result, an 
existing multi-train simulation package [4] [5], 
developed in the University of Birmingham, was used 
to find the contents of look-up tables. 
 
2.4 Interim changes of signals 
 
The contents of the look-up tables are obtained on the 
assumption that the signal remains the same while the 
train is travelling from one end of the block to the 
other. Nevertheless, quite often that the signal changes 
before the train has reached the end of the block. For 
instance, Figure 5a shows that signal B remains 
unchanged while the train is in the signalling block; 
and Figure 5b illustrates that signal B may change at t1 
after the train has entered the block. Modification of 
the timings from the look-up tables is required when 
there is any change of signal. 
 
Assuming constant accelerating and braking rates, 
Figure 6 shows the changes of train speed within the 
signalling block for the two cases of Figures 5a and 5b. 
With v1 and v2  the speed restrictions implied by the 
signals 'Green' and 'Yellow' respectively, the following 
timings are defined: 
t1: time elapsed before signal changes (due to the 
location of the train in front) 
t2 : time for the train to travel to the blcok end after 
signal has changed 
t3 : time required if the signal remains and the train 
slows from v1 to v2  (directly from the look-up 
table) 
The arrival time, if the signal changes, is t t1 2+ . To 
find it, one must estimate t2 . The length of the 
signalling block is the same whatever the speed profile 
of the train. Thus, the areas under the two velocity 
curves must be the same. As a result, 
  t t t1 2 3+ ≤  
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When t
t
1
3
0=  (or t1 0= ), i.e. the signal changes just as 
the train enters the block, the train travels along the 
block at velocity v1. Hence, t2  is the time to travel 
along the block with velocity v1, i.e. t tv2 1= , where tv1 
is the running time if the train travels through the block 
 at v1 and obtained from the look-up tables. Since 
t tv1 3≤ , 
t
t
v1
3
1≤ . 
When t
t
1
3
1= , i.e. the signal changes when the train 
reaches the block end, t2 0= . 
The constraints and boundary conditions of t
t
2
3
 vs t
t
1
3
 
are shown in Figure 7. 
 
With consideration of speed restrictions, track 
geometry and jerk limits, a train's speed profile is more 
complicated than as shown in Figure 6. It becomes 
impractical to find the exact relationship between t
t
2
3
 
and t
t
1
3
. The simplest estimate of t2 , under the 
constraints and boundaries, is given by a linear 
relationship as superimposed on Figure 7. Given t1, t2  
can be calculated by: 
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The modified running time is 
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where tv1 and t3  can be found in the look-up tables and 
t1 is specified in accordance with the location of the 
train in front (or departure time of some block ahead). 
 
3 VERIFICATION OF THE MODEL 
 
3.1 Simulation setup 
 
In order to examine the effectiveness of this traffic flow 
model, a 20-block section of track of the Singapore 
metro system, was simulated. A 5-aspect signalling 
system was used. The signal aspects in this system are 
in form of two explicit speed restrictions: maximum 
allowed speed and target speed. When a train enters a 
signalling block and receives a signal aspect, it should 
not exceed the maximum allowed speed at any point 
within the signalling block and should attain the target 
speed before it leaves the signalling block. The speed 
restrictions are 80kph, 64kph, 40kph and 0kph. The 
running time look-up tables were obtained through the 
multi-train simulator. 
 
Two trains using the same type of traction equipment 
were introduced into the track. They travelled through 
the 20 blocks under various traffic situations so that the 
traffic flow model is checked with representative 
interactions via the signalling system. The arrival and 
departure times of the trains, particularly the rear one, 
obtained by the traffic-flow model and look-up tables 
are compared with those produced by the time-based 
multi-train simulator. The time increment in the 
simulator is 0.1s for high accuracy of train movement. 
Also, the effects of interim changes of signals on the 
accuracy of the model are examined by comparing with 
another set of timings obtained from the traffic flow 
model, in which interim signal changes are not taken 
into account. 
 
The worst error should occur when the trains interact 
through the signalling system frequently; a certain hold 
up is therefore scheduled for the train ahead so that the 
two trains are quite close to each other and the train 
behind will experience different signalling constraints 
and interim changes of signals. The initial conditions of 
the two trains in a number of typical tests for normal 
operation and worst-case studies are listed below: 
test 1: trains 1 and 2 are 6 blocks apart initially; no 
delay imposed on either trains 
test 2: trains 1 and 2 are 5 blocks apart initially; train 1 
stops in the 8th block for 30s. 
test 3: trains 1 and 2 are 6 blocks apart initially; train 1 
stops in the 10th block for 30s. 
test 4: trains 1 and 2 are 6 blocks apart initially; train 1 
stops in the 12th block for 30s. 
 
3.2 Results 
 
The following tables show the progress of the traffic in 
test 1 with the states showing the arrival and departure 
times of the two trains through a number of signalling 
blocks. The results from the multi-train simulator and 
the traffic flow model, with and without consideration 
of interim changes of signals, are given, and the errors 
are summarised. 
 
 
 
 
    Χ15  Χ16  Χ17   Χ18  Χ19   Χ20   Χ21  Χ22    Χ23   Χ24    Χ25  
   1 29.1 37.7 45.8 54.9 64.2 73.8 84.9 101.2 117.7 129.4 146.3 
   2 35.5 43.3 51.3 61.5 70.4 77.3 85.2   92.9 101.7 113.6 127.7 
arrival times (simulation result) 
 
    Χ15  Χ16  Χ17   Χ18  Χ19   Χ20   Χ21  Χ22    Χ23   Χ24    Χ25  
   1 37.0 45.6 53.6 62.8 72.1 81.7 92.8 109.0 125.6 137.3 154.2 
    2 42.4 50.4 58.5 68.3 77.2 84.6 92.7 100.5 111.8 125.2 139.5 
departure time (simulation result) 
 
 
    Χ15  Χ16  Χ17   Χ18  Χ19   Χ20   Χ21  Χ22    Χ23   Χ24    Χ25  
   1 29.1 37.7 45.8 54.9 64.2 73.8 84.9 101.2 117.7 129.4 146.3 
   2 35.2 42.6 50.2 59.8 68.6 75.5 83.2  90.5 100.2 111.9 124.9 
arrival times (predicted by traffic model) 
with consideration of interim changes of signals 
 
    Χ15  Χ16  Χ17   Χ18  Χ19   Χ20   Χ21  Χ22    Χ23   Χ24    Χ25  
   1 37.0 45.6 53.6 62.8 72.1 81.7 92.8 109.0 125.6 137.3 154.2 
   2 41.7 49.4 56.9 66.5 75.3 82.6 90.4   99.0 110.2 122.4 138.1 
departure time (predicted by traffic model) 
with consideration of interim changes of signals 
 
 
    Χ15  Χ16  Χ17   Χ18  Χ19   Χ20   Χ21  Χ22    Χ23   Χ24    Χ25  
   1 29.1 37.7 45.8 54.9 64.2 73.8 84.9 101.2 117.7 129.4 146.3 
   2 38.0 46.2 53.5 64.0 73.3 79.8 87.7   95.8 104.9 117.6 133.3 
arrival times (predicted by traffic model) 
without consideration of interim changes of signals 
 
    Χ15  Χ16  Χ17   Χ18  Χ19   Χ20   Χ21  Χ22    Χ23   Χ24    Χ25  
   1 37.0 45.6 53.6 62.8 72.1 81.7 92.8 109.0 125.6 137.3 154.2 
   2 45.2 52.6 60.7 71.2 79.7 87.0 95.6 103.6 115.4 130.6 146.3 
departure time (predicted by traffic model) 
without consideration of interim changes of signals 
 
 
   Accumulated Errors 
Test   arrival time(s) departure time(s) 
  1 ISC -2.8 in 127.7 -1.4 in 139.5 
 NISC  5.6 in 127.7  6.8 in 139.5 
  2 ISC -1.5 in 168.7 -1.5 in 177.6 
 NISC  4.1 in 168.7   4.7 in 177.6 
  3 ISC -1.7 in 153.8 -2.0 in 163.2 
 NISC  3.4 in 153.8  3.5 in 163.2 
  4 ISC -1.7 in 153.0 -2.4 in 163.0 
 NISC  6.1 in 153.0  5.6 in 163.0 
   TABLE 1  
ISC: with consideration of interim signal changes 
NISC: no interim signal changes 
 
Using timings from the simulator as reference, 
accumulated errors in Table 1 indicate the differences 
between the predicted arrival and departure times of 
the train behind and the corresponding timings 
obtained by the simulator after the train has travelled a 
number of signalling blocks. 
 
The results predicted by the traffic model agree closely 
with those obtained from the multi-train simulator. 
Consideration of interim changes of signals improves 
accuracy significantly, reducing the absolute error by 
more than 50%. Although the linear relationship as 
shown in Figure 7 seems to be a slight underestimation, 
the results obtained by the traffic flow model are only 
2-3% off the simulated result. The event-based traffic 
model operates more than 20 times faster than the 
multi-train simulator, with the same computing 
hardware. 
 
4 CONCLUSIONS 
 
The traffic flow model merely requires referring to the 
look-up tables for the run times according to the 
signalling requirements, then performing simple 
computations. This simple and systematic process of 
transferring the traffic from one state to the next makes 
the traffic flow model ideal for computer-based traffic 
automation. It has been shown that, at the expense of 
an acceptable loss of accuracy, this model is far faster 
than a good time-based simulator. Thus, it is suitable 
for fast evaluation of the consequences of possible 
options in resolving conflicts at junctions. In fact, the 
model has been used as part of a junction traffic 
optimisation study [1] using dynamic programming.  
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